The outcome of 55 children with severe aplastic anemia (SAA) who received a second hematopoietic stem cell transplantation (HSCT) was retrospectively analyzed using the registration data of the Japanese Society for Hematopoietic Cell Transplantation. The 5-year overall survival (OS) and failure-free survival (FFS) after the second transplantation were 82.9% (95% confidence interval (CI), 69.7-90.8)) and 81.2% (95% CI, 67.8-89.4), respectively. FFS was significantly better when the interval between the first and second transplantation was 460 days (88.9%; 95% CI, 73.0-95.7) than when it was ⩽ 60 days (61.4%; 95% CI, 33.3-80.5; P = 0.026). All 12 patients who were conditioned with regimens containing fludarabine and melphalan were alive with hematopoietic recovery. These findings justify the recommendation of a second HSCT for children with SAA who have experienced graft failure after first HSCT.
INTRODUCTION
Hematopoietic stem cell transplantation (HSCT) from a HLAmatched related donor (MRD) is the first-line treatment for children with severe aplastic anemia (SAA). [1] [2] [3] HSCT from an HLA-matched unrelated donor (MUD) is indicated as a salvage treatment for children who are nonresponsive to immunosuppressive therapy. [4] [5] [6] Although the overall survival (OS) following HSCT from both MRD and MUD has markedly improved and exceeds 90%, graft failure (GF) remains the most frequent cause of HSCT failure in children aplastic anemia (AA). Burroughs et al. 7 reported the outcome of 148 children with SAA who received HSCT from an MRD at the Fred Hutchinson Cancer Center between 1971 and 2010. Overall, 30 patients (20%) rejected their first marrow. However, the incidence of GF remarkably decreased. The cumulative incidence of GF was 8% in 374 adolescent patients who received HSCT from an MRD between 2000 and 2009 in Europe. 8 In a recent report from our country (Japan), the causes of treatment failure included GF in 12 patients (5.6%) among 213 children with SAA who received HSCT from an MRD between 1992 and 2009. 9 A report from the National Marrow Donor Program showed that the probability of GF at 28 days and 1 year was 10% and 15%, respectively, in 195 children with AA receiving HSCT from an MUD. 10 The only curative approach to overcome GF is a second allograft for patients failing to engraft after the first transplantation. However, information on second transplantations in patients with AA is scarce, especially in pediatric patients. We analyzed the outcomes of a second HSCT in children with AA registered in the Transplant Registry Unified Management Program (TRUMP) conducted by the Japanese Society for Hematopoietic Cell Transplantation.
PATIENTS AND METHODS
Between 1982 and 2012, 55 patients o15-years old who underwent a second HSCT were registered in the TRUMP database. Patients with a congenital bone marrow failure syndrome such as Fanconi's anemia were excluded from the analysis. Neutrophil engraftment was defined as achieving an absolute neutrophil count of 40.5 × 10 9 /L for 3 consecutive days. GF was classified as primary GF when no hematopoietic recovery was observed until 21 days after transplantation and secondary GF as recurrent pancytopenia with hypocelullar marrow after initial hematopoietic recovery. Treatment failure was defined as death by all causes, GF and secondary malignancy. Survival curves were calculated using the KaplanMeier method. Comparisons between survival curves were performed using the log-rank test. Risk factors associated with OS and failure-free survival (FFS) were assessed using multivariate Cox regression model. Pairwise comparisons of patient characteristics (co-variates) were performed using the χ 2 test for categorical variables. Statistical significance was defined as P-value of o0.05. Data collected as of October 2013 were analyzed. The study was approved by the institutional review boards of Shizuoka Children's Hospital and by the JSHCT committee.
RESULTS
The clinical characteristics of the 55 patients are summarized in Table 1 . Among the 55 patients, 16 and 38 patients suffered from 1 Department of Pediatrics, Fujita Health University School of Medicine, Toyoake, Japan; primary and secondary GF, respectively. Information on the time of GF was not available for one patient. The median age at the time of the second HSCT was 9 years (range 1-15). The male/female ratio was 27/28. The median interval between the first and second HSCT was 195 days (range 29-2463). The donor for the second HSCT was an MRD in 25 patients, a mismatched related donor in 16 patients, an MUD in 8 patients and unrelated cord blood in 6 patients. The stem cell source was bone marrow in 35 patients, peripheral blood in 12 patients and bone marrow/ peripheral blood in 1 patient. Except for one patient, the donor of the first HSCT could be confirmed in all patients. Of the patients who underwent a second HSCT, 29 underwent HSCT from the same related donor, 11 underwent HSCT from a different related donor and 14 underwent HSCT from an unrelated donor. Except one patient, all patients with primary GF underwent second HSCT within 60 days after the first HSCT. They received second HSCT between 29 and 58 days after first HSCT. Nine patients underwent HSCT from the same related donor, 4 underwent HSCT from a different related donor and 3 underwent HSCT from an unrelated donor in patients with primary GF.
Of the 29 patients who underwent HSCT from the same related donor, 22 engrafted following the second HSCT. Moreover, among the 54 patients with confirmed preconditioning of the second HSCT, 14 received fludarabine (FLU)+cyclophosphamide (CY) ± irradiation (11 with irradiation and 3 without irradiation) ± antithymocyte globulin (ATG; 9 with ATG and 5 without ATG; the FLU+CY regimen), 12 received FLU+melphalan (MEL) ± irradiation (9 with irradiation and 3 without irradiation) ± ATG (7 with ATG and 5 without ATG; the FLU+MEL regimen), 20 received CY ± irradiation ± ATG (the CY regimen) and the remaining 9 received other various conditioning regimens (others). We screened anti-HLA antibodies in 6 patients but none of them were positive.
With median follow-up times of 44 years after the second transplantation, 45 of 55 patients were alive. Causes of death included GF in 4 patients, interstitial pneumonia in 2 patients, secondary malignancy in 2 patients, infection in 1 patient and multiple organ failure in 1 patient.
The 5-year OS and FFS of all patients were 82.9% (95% confidence interval (CI), 69.7-90.8)) and 81.2% (95% CI, 67.8-89.4), respectively. (Figure 1 ). The 5-year OS of patients in the interval between the first and second HSCTs within and beyond 60 days was 67.0% (95% CI, 37.7-84.9) and 88.9% (95% CI, 73.0-95.7), respectively (P = 0.12). The 5-year FFS of patients in the interval between the first and second HSCT within and beyond 60 days was 61.4% (95% CI, 33.3-80.5) and 88.9% (95% CI, 73.0-95.7), respectively (P = 0.026; Figure 2a The transplantation outcomes of the second HSCT are shown in Table 2 . Grades II-IV acute GvHD, limited chronic GvHD and extensive chronic GvHD were observed in 12, 6 and 7 patients, respectively. Among 27 patients whose results of chimerism analysis were available, 12 showed mixed chimera and 15 showed complete donor-type chimera. Six of 16 patients with primary GF experienced second GF. On the other hand, only 3 of 38 patients with secondary GF following the first HSCT experienced GF after the second HSCT (P = 0.0067). Univariate and multivariate analysis resulted in no significant differences in OS and FFS in age, primary vs secondary GF after first HSCT, donor type, conditioning regimen, the use of irradiation, ATG/ALG and GvHD prophylaxis. The 5-year FFS of patients in the interval between the first and second HSCT within 60 days was lower than beyond 60 days (P = 0.036). Three patients developed secondary malignancy. The cumulative incidence of secondary malignancy was 7.9% (0.0-18.5) at 10 years and 15.5% (0.0-31.5) at 15 years. Patients who developed osteosarcoma and secondary leukemia died, whereas a patient suffering from thyroid cancer is alive without disease.
DISCUSSION
GF is the most serious complication following HSCT for SAA. According to recent reports, GF has decreased to o10% among patients with SAA receiving bone marrow transplantation from both MRD and MUD. Meanwhile, the outcome in patients with GF is dismal if they do not receive a second HSCT. Only patients with autologous recovery may survive without a second HSCT. The EBMT surveillance estimated that the cumulative incidence of autologous recovery was 4.2% with an OS of 84%. 11 Considering the low incidence of autologous recovery, a second transplantation is a realistic approach for patients who fail to engraft after the first transplantation.
In this study, we aimed to identify risk factors affecting the outcome of a second HSCT for GF in patients with SAA. Although 30 of 55 patients received the second HSCT from an alternative donor, the 5-year OS and FFS of all patients were 82.9% (95% CI, 69.7-90.8) and 81.2% (95% CI: 67.8-89.4), respectively, which were favorable compared with data from previous reports, in which patients received transplants from HLA-matched sibling donors. Especially, both OS and FFS in the interval between the first and second HSCT beyond 60 days were as high as 88.9% (95% CI, 73.0-95.7). Most patients who received the second HSCT within 60 days suffered from primary GF. McCann et al. 12 reported that patients receiving a second BMT within 60 days from the first BMT had a significantly poorer outcome. de Medeiros et al. 13 also reported that a longer inter-transplant interval (490 days) was a significant factor for better OS in 34 patients who received a second transplantation for SAA. Horan et al.
14 reported that a shorter inter-transplant interval (o 3 months) and a poor performance score (o 90) at a second HSCT were associated with high mortality. When the second HSCT is performed relatively shortly after the first HSCT, the patient has little time to recover from the toxicity and the myelosuppressive effects of conditioning, and consequently, the risk of death from infections or organ dysfunction may increase. Recent advances in supportive care may overcome these complications and improve the outcome of primary GF.
In the setting of a second HSCT, whether a different family donor should be used and the regimen that should be employed require clarification. In a report by de Mederios et al. 13 , 25 of 35 patients received transplants from the same sibling donor. In a report by Horan et al.
14 , 146 of 166 patients received the transplant from the same donor, and it was concluded that using a different sibling donor for the second transplantation conferred no detectable advantage. In the present study, 23 of 29 patients who received transplants from family donors had received a graft from the same donor as in the first HSCT and 21 exhibited engraftment. These results show the effectiveness of using the same donor for the second HSCT.
Although conditioning regimens have been intensified to overcome immunological barriers for engraftment, these are not always associated with a reduction in GF and an improved OS. Especially in patients with primary GF, infections and organ dysfunction augment regimen-related toxicities in those who receive aggressive conditioning regimens. The use of high-dose alkylating agents and TBI are not recommended in patients with AA, especially in children. [15] [16] [17] Recent studies demonstrated the Second HSCT in children with SAA K Kudo et al usefulness of a reduced-intensity regimen containing FLU to reduce the incidence of GF and improve OS in patients with SAA receiving the first HSCT from an alternative donor. 15 In our analysis, half of the patients were conditioned with FLU-containing regimens. Notably, all 12 patients who received the FLU+MEL containing regimen were alive with full engraftment. Unrelated cord blood transplantation has extended the availability of treatment in patients with SAA in an absence of a suitable donor, but most reports have shown a poor outcome and high incidence of GF. 18 However, Yamamoto et al. 19 reported sustained engraftment in 11 of 12 patients with SAA who received unrelated cord blood transplantation with the FLU+MEL+low-dose TBI regimen. Taken together, the FLU+MEL+ATG+low-dose TBI regimen may be the most promising regimen for patients who receive a second HSCT for SAA.
In conclusion, we report a favorable result of a second HSCT in children with SAA with a high OS and FFS. Although this retrospective registry-based analysis had several limitations, a FLU+MEL+ATG+low-dose TBI regimen may sustain lasting engraftment and result in a promising outcome in patients with SAA receiving a second HSCT. Prospective studies are warranted to confirm these observations.
